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ABSTRACT

Background: Achondroplasia is the most com-
mon form of skeletal dysplasia. Recent advances
in therapeutic options have highlighted the
need for understanding the burden and treat-
ment landscape of the condition. This system-
atic literature review (SLR) aimed to identify
health-related quality of life (HRQoL)/utilities,
healthcare resource use (HCRU), costs, efficacy,
safety and economic evaluation data in achon-
droplasia and to identify gaps in the research.

Methods: Searches of MEDLINE, Embase, the
University of York Centre for Reviews and Dis-
semination (CRD), the Cochrane Library and
grey literature were performed. Articles were
screened against pre-specified eligibility criteria
by two individuals and study quality was
assessed using published checklists. Additional
targeted searches were conducted to identify
management guidelines.
Results: Fifty-nine unique studies were inclu-
ded. Results demonstrated a substantial HRQoL
and HCRU/cost-related burden of achon-
droplasia on affected individuals and their
families throughout their lifetimes, particularly
in emotional wellbeing and hospitalisation
costs and resource use. Vosoritide, growth hor-
mone (GH) and limb lengthening all conferred
benefits for height or growth velocity; however,
the long-term effects of GH therapy were
unclear, data for vosoritide were from a limited
number of studies, and limb lengthening was
associated with complications. Included man-
agement guidelines varied widely in their scope,
with the first global effort to standardise
achondroplasia management represented by
the International Achondroplasia Consensus
Statement published at the end of 2021. Cur-
rent evidence gaps include a lack of utility and
cost-effectiveness data for achondroplasia and
its treatments.
Conclusions: This SLR provides a comprehen-
sive overview of the current burden and treat-
ment landscape for achondroplasia, along with
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areas where evidence is lacking. This review
should be updated as new evidence becomes
available on emerging therapies.

Keywords: Achondroplasia; Disease overview;
Dwarfism; Growth hormone; Limb
lengthening; Short stature; Vosoritide

Key Summary Points

Recent advances in therapeutic options
have highlighted the need for
understanding the burden and treatment
landscape of achondroplasia.

This SLR included 59 studies reporting
clinical or economic outcomes related to
the burden of achondroplasia for patients
and their caregivers.

Treatment options for achondroplasia
have historically been limited; however,
evidence for new therapies is emerging.

Current published literature likely
underestimates the true burden of
achondroplasia in terms of HRQoL and
costs.

There is a need for further research to
inform best practice for the management
of achondroplasia, which should aim to
relieve clinical, humanistic and economic
burden.

INTRODUCTION

Achondroplasia is the most common form of
skeletal dysplasia [1]. It is a rare genetic disease
with an estimated prevalence of approximately
1:25,000 live births and affects 250,000 people
worldwide [2, 3]. The condition is caused by a
recurrent gain-of-function pathogenic variant of
the fibroblast growth factor receptor 3 (FGFR3)
gene [4, 5]. In addition to extreme short stature
(height for a patient’s age that is[ 5 standard
deviations below the mean) [6], clinical features
include rhizomelic limb shortening,

macrocephaly, frontal bossing, depressed nasal
bridge, relatively small chest and midfacial
retrusion [7]. These characteristics typically pre-
sent at birth or in early childhood [8]. Conse-
quently, achondroplasia is usually diagnosed
prenatally or in early infancy [7].

Individuals with achondroplasia may suffer
from a range of serious and debilitating compli-
cations over the course of their lifetime [9].
Foramen magnum stenosis (the narrowing of the
opening at the base of the skull) is considered to
be the most severe complication. It can result in
compression of the brain stem and spinal cord
and lead to sudden death unless patients undergo
timely surgical decompression [7, 10]. Other
common serious orthopaedic complications
include spinal deformities (kyphosis/lordosis and
spinal stenosis) and tibial bowing (genu varum)
that can lead to pain and limited mobility [5].
Individuals may also experience respiratory
problems, leading to sleep disordered breathing,
upper airway obstruction and ear, nose and throat
(ENT) complications and dental malocclusion,
amongst other complications [5, 10–12]. Evidence
suggests that achondroplasia also incurs an
increased risk of premature death and the average
life expectancy is approximately 10 years lower
than for the general population [13–15]. In addi-
tion to the high clinical burden of disease, avail-
able data indicate that achondroplasia is
associated with detrimental impacts on physical
and mental health-related quality of life (HRQoL)
[16–18].

Historically, management of achondroplasia
has been largely symptomatic. Surgical interven-
tions aim to improve specific complications,
including decompression surgeries for foramen
magnum or spinal stenosis, tonsillectomy or
adenoidectomy for obstructive sleep apnoea and
tympanostomy tube insertion for otitis media
[19–22]. Surgical limb lengthening has been
investigated in studies since as early as the 1930s
and aims to improve individuals’ height and
proportionality [23]. However, in practice, use of
limb lengthening varies by geography and can be
associated with high treatment burden and severe
complications [7]. Furthermore, procedures are
only performed on long bones, such as the femur
or tibia [23], and therefore do not help compli-
cations related to other bone types. Despite a clear
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unmet need, pharmacological therapy options
have been previously limited. Until recently, only
growth hormone (GH) therapy was indicated for
the treatment of achondroplasia and is only
approved for use in Japan [24]. Moreover, the
long-term efficacy of GH for achondroplasia
continues to be debated [25]. In 2021, vosoritide
(Voxzogo®), a C-type natriuretic peptide (CNP)
analogue, was approved for use in children with
achondroplasia in the European Union, US and
Brazil [26–28]. Several other therapies are in
development, including infigratinib, an FGFR1-3
inhibitor, TA-46 (Recifercept), an FGFR3 decoy,
and Transcon-CNP, a CNP [29, 30].

At this critical point with the development
and arrival of new therapies, there is a need to
comprehensively understand the burden and
treatment landscape for achondroplasia,
including treatment outcomes and the eco-
nomic impact of therapies. However, a con-
temporary and comprehensive overview of the
existing evidence base is lacking. Aiming to
address this, a systematic literature review (SLR)
was conducted to provide an overview of cur-
rent evidence on the burden and treatment of
achondroplasia based on a series of systematic,
comprehensive searches of the literature, and to
highlight current gaps in the literature.

METHODS

The SLR was conducted and reported in accor-
dance with the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA)
statement [31]. Systematic literature searches
were conducted in August 2020 and updated in
June 2021 in accordance with a pre-specified
protocol to identify HRQoL/utilities, healthcare
resource use (HCRU) and costs in achon-
droplasia and efficacy, safety and economic
evaluations of potential therapies. Where it was
judged that there was limited evidence specific
to achondroplasia, the searches were expanded
to include other forms of short stature. Addi-
tional targeted searches were conducted from
June 2021 to identify relevant clinical manage-
ment guidelines.

This article is based on previously conducted
studies and does not contain any new studies

with human participants or animals performed
by any of the authors.

Identification of Evidence

Electronic English database searches were con-
ducted from database inception in MEDLINE,
Embase, the University of York Centre for
Reviews and Dissemination (CRD), the
Cochrane Library and the International Health
Technology Assessment Database (HTAD).
These were supplemented by targeted searches
of Latin American (Literatura Latino-Americana
e do Caribe em Ciências da Saúde), French
(Littérature Scientifique en Santé), German
(CrescNet.org) and Japanese (医中誌 [Ichushi]
Web) databases. The MEDLINE databases and
Embase were searched via the Ovid SP platform
(available via paid subscription). The other
databases searched were freely accessible. In
addition, searches of clinical trial registries;
health technology assessment (HTA) body
websites; economic websites; bibliographies and
conference proceedings since 2018 were con-
ducted. Searched congresses included the
Annual Genetics Meetings, International Soci-
ety for Pharmacoeconomics and Outcomes
Research (Europe and International Meetings),
Endocrine Society Conferences, European Soci-
ety for Paediatric Endocrinology and Interna-
tional Conference on Children’s Bone Health.

To identify treatment and clinical manage-
ment guidelines for achondroplasia and other
short stature conditions, targeted searches were
performed in Google, PubMed, the Interna-
tional Guidelines Library, Evidence Search,
GuidelineCentral.com, Das Portal der wis-
senschaftlichen Medizin, Agenzia Nazionale per
i Servizi Sanitari Regionali and Haute Autorité
de Santé.

Full details of all literature searches, includ-
ing search strategies, are presented in Supple-
mentary Appendix 2.

Selection of Studies and Data Extraction

Articles were included if they met pre-defined
eligibility criteria based on the Population(s),
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Intervention(s), Comparator(s) and Outcome
(s) (PICO) framework (Supplementary Table 1).

Studies were required to be primary research
articles (in any language) reporting on a rele-
vant outcome (including HRQoL/utilities, care-
giver quality of life [QoL], HCRU/cost, efficacy,
safety, economic evaluations). Studies reporting
HRQoL, utility, HCRU or cost outcomes could
include both children and/or adults to account
for the lifetime impacts of achondroplasia.
Studies reporting clinical outcomes (efficacy or
safety) were limited to paediatric individuals
with achondroplasia that received any phar-
macological intervention or surgical limb
lengthening. Management guidelines were
required to report at least one recommendation
relevant to the management of achondroplasia
or another short stature condition.

Titles, abstracts and relevant full texts were
screened against the eligibility criteria by two
independent reviewers. Results from the English
databases searches were dual reviewed with any
discrepancies between the two reviewers dis-
cussed and resolved, arbitrated by a third inde-
pendent reviewer if necessary. Review of the
supplementary databases, grey literature sources
and guidelines was conducted by a single
reviewer with a second reviewer providing input
in cases of uncertainty. All included records
were confirmed by a second reviewer. Key
information from each included study, includ-
ing study characteristics, patient characteristics
and outcomes, was extracted into a pre-speci-
fied data extraction grid by a single individual.
A second individual independently verified the
extracted information.

Changes to Protocol

Caregiver quality of life was not included as an
outcome of interest until the update to the
searches; therefore, evidence from the original
searches was re-screened to ensure all relevant
articles were identified. Articles from the Japa-
nese database, Ichushi Web, were not extracted
because of the availability of substantial evi-
dence from other sources.

Quality Assessment

Different quality assessment tools were
employed, based on study design, and were
completed by one individual and verified by a
second independent individual. The quality of
randomised clinical trials (RCTs) was assessed
using the tool developed by the University of
York CRD, as recommended by the National
Institute for Health and Care Excellence (NICE)
[32]. Interventional non-RCTs and observa-
tional studies were assessed using the Downs
and Black checklist [33]. Quality assessments of
HCRU/cost and HRQoL/utility studies were not
conducted as no validated quality assessment
tool exists to the authors’ knowledge.

RESULTS

The number of studies included at each stage of
the SLR across all outcomes is presented in a
PRISMA flow diagram (Fig. 1). This article
focuses on the studies that reported outcomes
specifically for achondroplasia. Fifty-nine
unique studies were included (40 from the
clinical searches and 21 from the economic
searches, with two studies identified in both
streams). The geographic spread of included
studies is presented in Fig. 2. Study details are
summarised in Tables 1, 2, 3, 4 and 5.

Burden of Short Stature Conditions

HRQoL and Utilities
Eighteen studies reported HRQoL outcomes for
individuals with achondroplasia, of which 13
were conducted in a European setting (Fig. 2).
The majority of studies included children only
(n=8) or a mixed population of children and
adults (n=7), with three measuring HRQoL in
adults only (Table 1). Nineteen different
instruments were used to elicit HRQoL data.
The most commonly used was the Quality of
Life in Short Statured Youth (QoLISSY) ques-
tionnaire, used in five studies. This was followed
by the Pediatric Quality of Life Inventory
(PedsQL) and the 36-Item Short Form Health
Survey (SF-36), each used in four studies (Fig. 3).
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Fig. 1 PRISMA flow diagram of studies included in the
SLR. PRISMA diagram reporting flow of studies included
in the SLR. In total, 59 unique studies were included across
both streams (two studies were included in both the
clinical and economic searches [36, 38]). aSome records
identified in the economic searches were included in
multiple evidence streams (i.e., both patient QoL and
costs). bStudies reporting outcomes for forms of short

stature other than achondroplasia are not included in this
article. CDSR Cochrane Database of Systematic Reviews,
CENTRAL Cochrane Central Register of Controlled
Trials, HCRU healthcare resource use, INAHTA Interna-
tional Network of Agencies for Health Technology
Assessment, PRISMA Preferred Reporting Items for
Systematic Reviews and Meta-Analyses, QoL quality of
life, SLR systematic literature review
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HRQoL was self-reported in 10 studies, care-
giver-reported in one study, and both in seven
studies. Utilities were assessed in two studies,
one using the EQ-5D-5L scale and one using the
15-dimensional (15D) validated generic self-
assessment instruments of HRQoL to measure
utility indexes.

Two of the measured tools were condition-
specific (QoLISSY and the Achondroplasia Per-
sonal Life Experience Scale [APLES]); the others
were generic scales. QoLISSY is a tool that is
scored from 0–100 (higher score indicates better
HRQoL). It contains 22 items covering physical,
social and emotional HRQoL, 10 items covering
additional aspects of coping, four items cover-
ing general attitude to body height and addi-
tional items in the parent version covering
child’s future and impact on parents [34]. APLES
is an instrument that was developed based on
the International Classification of Functioning-

Children and Youth Version. It contains 21
items covering self-perception, friends, recre-
ation, school and physical domains [35].

Six studies reported HRQoL data relating to
an intervention for achondroplasia. The inter-
ventions included vosoritide (n=1) [36], limb
lengthening (n=2) [37, 38], surgical procedures
(not limited to limb lengthening) (n=1) [39]
and self-help/education seminars (n=2) [34, 40].
Only the self-help and patient education inter-
ventions resulted in demonstrable benefits to
patients’ HRQoL compared with scores for non-
participants [34, 40]. Both studies were based in
Germany, recruited participants from patient
organisations and measured HRQoL using
QoLISSY (details aforementioned). Both studies
investigated self-help seminars that were
designed following focus group discussions and
a questionnaire for patients and their parents.
They included eight modules covering physical,

Fig. 2 Geographical spread of studies included in the
review. Geographic spread of studies reporting different
outcomes in the literature review. Bubble size scaled to
represent number of studies. International studies are
recorded in multiple countries, aligned with their partic-
ipating centres. Patient HRQoL: Germany, n=7; US, n=
5; Japan and Spain, n=3; Australia and Turkey, n=2;
Austria, Brazil, Denmark, Finland, Italy, South Korea,
Sweden and UK, n=1. Caregiver QoL: Germany, n=4;
Spain, n=3; Japan and US, n=2; Argentina, Australia,
Brazil, Colombia, France, Italy, Turkey and UK, n=1.

Healthcare cost and resource use: Italy and Spain, n=2;
Argentina, Austria, Brazil, Colombia, Denmark, France,
Germany, Japan, Sweden and US, n=1. Clinical evidence:
Japan, n=12; US, n=7; UK, n=5; Italy and Turkey, n=4;
Australia and South Korea, n=3; France and Germany, n
=2; Denmark, Finland, Greece, Hong Kong, Israel,
Norway, Poland, Spain and Sweden, n=1. Treatment
guidelines: US, n=7; Australia, Canada, France and Japan,
n=2; Brazil, China, Denmark, Germany, India, New
Zealand, Portugal, South Africa, Sweden, The Netherlands
and UK, n=1
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Table 2 Characteristics and results of included caregiver QoL studies

Study
name

Country Sample
size

Scale details, unit Intervention
or prior
treatment

Key QoL findings

Study

111-301

[36]

Australia; Germany;

Japan; Spain; Turkey;

US; UK

121 QoLISSY ‘effects

on parents’

subscale, median

(IQR)

Vosoritide

15 μg/kg (n
=60) or

placebo (n
=61)

At baseline

Vosoritide (n=60): 60.00
(46.25–72.50)

Placebo (n=61): 62.50 (40.00–

77.50)

CfB at week 52 (MD)

Vosoritide (n=57): − 2.50
(− 10.00 to 10.00)

Placebo (n=60): 0.00 (− 7.50 to

15.00)

BKMF

2016

[40]

Germany 56 QoLISSY (German

version) ‘effects

on parents’

subscale, mean

(SD)

Self-help

intervention

At baseline

Parents of participants: 62.73
(19.67)

Parents of non-participants:

62.24 (21.98); p vs.

participants: 0.117

At follow-up

Not reported

Rohenkohl

(2015)

[41, 52]

Germany 63 QoLISSY (German

version) ‘effects

on parents’

subscale, mean

(SD)

None Parents: 62.75 (19.85)

Witt

(2019)

(APLES

study)

[45]

Germany 73 SF-8, mean (SD) None Parent SF-8 PCS: 50.50 (8.49);

p vs. German reference

population 0.85

Parent SF-8 MCS: 46.51
(10.22); p vs. German reference

population≤0.01

Baratela

(2021)

[54]

Japan; Europe (Spain,

France, Italy); Latin

America (Brazil,

Argentina, Colombia)

660 NR None

apparent

Over 50% of caregivers reported

impacted emotional

wellbeing;\40% were offered

social/psychological support
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emotional, social and coping domains. In
Rohenkhol 2016, across 58 children aged 8–
17 years, mean (±SD) QoLISSY scores for par-
ticipants after the intervention significantly
increased by 5.12 (±1.75; p=0.003). This dif-
fered significantly from scores of 13 non-par-
ticipants, which decreased by 2.94 (±3.36) (p=
0.040). Similar increases were reported across all
QoL domains, but the largest was social (+7.26),
followed by physical (+6.52) then emotional (+
5.01). The same study also compared patient-

and parent-reported scores, finding that chil-
dren reported a significantly more positive
change in QoL compared to their parents (+4.10
vs. − 1.92; p=0.001). Parents rated the change in
emotional QoL as the worst, at − 4.27 [40]. Very
similar findings were reported in Witt 2017,
which included patients with achondroplasia
aged 18–28. The total QoLISSY scores (reported
by 61 patients and 44 parents) increased by 5.33
(±1.55) in those that participated, whereas there
was a reduction of 2.88 (±2.68) for those who

Table 2 continued

Study
name

Country Sample
size

Scale details, unit Intervention
or prior
treatment

Key QoL findings

Pfeiffer

(2020)

[53]

Spain; US 36 APEM, % None

apparent

Parent-reported (% with
impact or issue)

Managing child’s medical care

treatment: 92

Impacts on parent emotional

wellbeing: 100

Impacts on parent physical

wellbeing: 28

Limit social/other activities: 28

Strain on family: 56

Work/productivity issues: 78

Expert-reported (% with
impact or issue)

Managing child’s medical care

treatment: 86

Impacts on parent emotional

wellbeing: 100

Impacts on parent physical

wellbeing: 0

Limit social/other activities: 14

Strain on family: 86

Work/productivity issues: 57

APEM Achondroplasia Parent Experience Measure, MCS Mental Component Score, MD mean or median difference, NR
not reported, PCS Physical Component Score, QoL quality of life, QoLISSY Quality of Life in Short Stature Youth, SF-8
Short Form 8, UK United Kingdom, US United States
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did not participate (p=0.009). Similar gains were
seen across, social, emotional and attitudes
domains (+6.51,+5.99 and+5.20, respectively)
[34]. The study also compared patients’ and
parents’ perspectives (unrelated to any inter-
vention) and found that patients rated their
HRQoL significantly higher across all subscales
of QoLISSY than their parents. Prior to inter-
vention, the authors found that clinical,
sociodemographic and psychosocial variables
explained 49% of the variance of the QoLISSY
total score, with attitudes towards body height
identified as the most relevant predictor for
HRQoL. It should be noted that both studies
were conducted by the same research group and
are therefore likely to have included overlap-
ping patients.

A further 12 studies reported HRQoL unre-
lated to treatment. Four studies compared QoL
in participants with and without achon-
droplasia [41–44], four studies compared
patient- and caregiver/parent-reported values
[41, 44–46], three compared subgroups of
patients with achondroplasia (different height

groups [47], age groups [48] and sexes [49]) and
three studies made no comparisons [18, 50, 51].
In the four studies that compared care-
giver/parent- and patient-reported values,
where the age of patients ranged from 5–
17 years, HRQoL was consistently judged to be
lower by caregivers than patients, across all
HRQoL scales [41, 44–46]. This difference was
significant in the three studies that reported
results of statistical testing [35, 41, 45, 46]. One
of these studies used a condition-specific
HRQoL tool, APLES, and parents rated their
child’s HRQoL significantly lower than the self-
reported value for total score and across all
domains apart from “interaction with others”
[35]. Where scores for patients with achon-
droplasia were compared to those without
achondroplasia, HRQoL was consistently lower
in achondroplasia in both children and adult
populations [41–44]. In an Australian study that
compared WeeFIM-II parent-reported scores for
a population of children with achondroplasia
aged 3–12 years, HRQoL was reported to
increase with increasing age of the child [48]. In

Table 3 Characteristics and results of included cost and resource use studies

Study
name

Setting Population Direct costs reported Resource use reported

Achondroplasia

LIAISE

[56, 57]

Germany, Spain, Italy,

Sweden, Austria,

Denmark

Children and

adults with

achondroplasia

None Length of stay; frequency of

specialist visits; inpatient/

outpatient visits per patient;

medications and supporting

therapies per patient; proportion

Baratela

(2021)

[24]

Japan, Europe (Spain,

France, Italy) and Latin

America (Brazil,

Argentina, Colombia)

Caregivers of

patients with

achondroplasia

None Proportion of patients with primary

physician visits every 6 months;

frequency of primary physician

appointments

Chen

(2021)

[55]

US Adults and

children with

achondroplasia

(N=1985)

Cost year: 2017, USD

Total cost of

hospitalisation; total

inpatient costs;

primary payer

(insurance)

Length of stay

US United States, USD US dollar
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Matsushita 2019, a Japanese study that com-
pared SF-36 scores for two height groups of
children and adults (aged 10–67 years), mean
physical component summary (PCS) scores were
higher for those in the 140–159 cm group
compared with those in the 100–139 cm group
(49.42±12.77 vs. 38.08±17.20; p value not
reported). However, mean mental component
summary (MCS) scores were similar in both
groups (52.47±11.86 vs. 53.65±10.66), indicat-
ing that there may be a stronger association
between height and physical aspects of QoL
than mental aspects [47]. Finally, in a US-based
study of 25 adults aged 19–66 with achon-
droplasia, the mean self-reported PCS SF-36
score was non-significantly lower in female
than male patients (35.2±13.4 vs. 39.5±17.2; p=
0.238) while the MCS score was non-signifi-
cantly higher in female than male patients
(42.3±15.5 vs. 33.7±14.5; p=0.062) [49].

Five studies measured HRQoL using more
than one separate tool [34, 36, 41, 44, 51, 52].
However, none of the studies aimed to compare
tools in terms of their suitability for assessing
HRQoL in achondroplasia. Instead, the same
trends were reported across different tools. For
example, the multinational LIAISE study found
associations between physical domain and
height Z-score in QoLISSY, and mobility and Z-
score in WeeFIM [44]. In one study that repor-
ted results from two generic tools (KIDSCREEN:
comprised of 10 items that assess general and
subjective health and wellbeing; DISABKIDS:
comprised of 10 items that assess the impact of
chronic health conditions and two items that
measure the impact of treatment) and one
condition-specific tool (QoLISSY: details afore-
mentioned), the authors concluded that
QoLISSY was a reliable and valid tool to measure
HRQoL in achondroplasia, based on the Cron-
bach’s alpha statistic and correlations with
KIDSCREEN dimensions. However, they did not
specifically comment on the suitability of this
tool compared with the others [34, 41, 52].

Limited utility data were identified. One
study, conducted in Finland, included a small
number of adult participants (n=8) with
achondroplasia for which 15D utility values
were measured and reported separately to other
conditions [42]. Mean score was marginallyT
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Table 5 Summary of included management guidelines

Country Organisation and year of
publication

Condition Guidance
category

Intervention/management
strategy of recommendation

Achondroplasia

US Skeletal Dysplasia

Management

Consortium 2020 [103]

Achondroplasia Management Polysomnography; foramen

magnum decompression;

MRI; patient history and

physical exam; CT scans;

MRI

American Academy of

Pediatrics 2020 [100]

Achondroplasia Management Growth and developmental

measurements; neurological

evaluation; neuroimaging;

monitoring; audiological

evaluation; physical

evaluation; motor

development evaluation;

polysomnography; expert

consultation; physical

therapy; speech evaluation;

medical evaluation; pain

evaluation

Skeletal Dysplasia

Management

Consortium 2016 [102]

Skeletal dysplasia;

achondroplasia

Management Patient history and clinical

exam; polysomnography;

MRI; audiological

evaluation; management;

adenoidectomy and/or

tonsillectomy; monitoring;

specialised dental and

orthodontic care; imaging

and/or evaluation of the

larynx

Australia The Sydney Children's

Hospital Network 2021

[106]

Achondroplasia Management Physiotherapy

France OSCAR—French Rare

Diseases Healthcare

Network 2017 [99]

Achondroplasia Management Expert consultation; Clinical

evaluation; monitoring;

MRI; polysomnography;

audiological evaluation;

physiotherapy
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Table 5 continued

Country Organisation and year of
publication

Condition Guidance
category

Intervention/management
strategy of recommendation

Japan Guidelines Development

Committee 2020 [104]

Achondroplasia Treatment and

management

Foramen magnum

decompression; shunt

surgery; non-invasive

positive pressure

ventilation; surgical

treatment (tonsillectomy or

adenoidectomy); spinal

decompression; leg

lengthening surgery

International Skeletal Dysplasia

Management

Consortium 2021 [110]

Skeletal dysplasia;

achondroplasia;

hypochondroplasia

Management Surgical decompression;

neuromonitoring; flexion/

extension plain radiographs;

advanced imaging; physical

exam; prophylactic C1–C2

fusion; repeated evaluation

of patients for

thoracolumbar kyphosis;

stabilisation of

thoracolumbar kyphosis via

surgery; respiratory function

monitoring; brace or cast

treatment; surgical

techniques that preserve

spine growth; monitoring

International

Achondroplasia

Consensus Statement

Group [109]

Achondroplasia Diagnosis,

treatment and

management

Diagnostics; prenatal care;

multi-disciplinary care;

foramen magnum stenosis;

spinal stenosis; sleep

apnoea; motor

development, helping aids

and assistive devices;

lifelong care; psychosocial

health; GH; limb

lengthening; audiological

assessment; orthodontics;

pain management; diet and

exercise; importance of

patient advocacy groups

Other short stature conditions
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lower in adults with achondroplasia compared
with the control population (0.911 vs. 0.929). A
second article (a conference abstract) reported
EQ-5D-5L utility index scores for 74 adults with
achondroplasia in the multinational Lifetime
Impact of Achondroplasia Study in Europe
(LIAISE) study [44]. The mean utility index
score was 0.7 for adults with achondroplasia
compared with 0.9 for the reference population.

Quality of Life of Caregivers for Individuals
with Achondroplasia
Five out of six studies reporting caregiver QoL
included parents of children or adolescents with
achondroplasia; the other included any care-
givers (Table 2). One study used the 8-Item

Short Form Health Survey (SF-8) [45] and one
used the Achondroplasia Parent Experience
Measure (APEM) [53]. A third reported descrip-
tive data on the personal impact on carers of
children with achondroplasia rather than mea-
suring caregiver burden using a specific QoL
instrument [54]. Three studies reported the
‘Effect on parents’ subscale in the parent-report
version of the QoLISSY questionnaire
[36, 40, 52].

In the three studies where it was specifically
evaluated, the QoL of parents of children with
achondroplasia was detrimentally impacted
[45, 53, 54]. In Witt 2019, a German cross-sec-
tional study in 73 parents, parents reported
significantly worse mental health compared

Table 5 continued

Country Organisation and year of
publication

Condition Guidance
category

Intervention/management
strategy of recommendation

International Growth Hormone

Research Society 2019

[108]

GH deficiency; non-GH

deficiency indications

Treatment and

management

Recombinant hGH;

alternative treatments to

recombinant hGH

US and

Canada

Drug and Therapeutics

Committee and Ethics

Committee of the

Pediatric Endocrine

Society 2016 [107]

GH deficiency; idiopathic

short stature; primary

IGF-1 deficiency

Treatment,

management,

and follow-up

GH (for GH deficiency and

idiopathic short stature)

IGF-1 treatment (for primary

IGF-1 deficiency)

US Lawson Wilkins Pediatric

Endocrinology Society

Drug and Therapeutics

Committee 2003 [101]

GH deficiency; Turner

syndrome; SGA; Prader-

Willi syndrome;

idiopathic short stature;

patients receiving GH

Treatment,

management,

and follow-up

GH

South Africa Paediatric and Adolescent

Endocrine and Diabetes

Society of South Africa

2009 [105]

GH deficiency; Turner

syndrome; Prader-Willi

syndrome; SGA;

idiopathic short stature

Treatment GH

Wales All Wales Clinical

Biochemistry Audit

Group 2004 [98]

GH deficiency Treatment and

follow-up

GH

CT computerised tomography, IGF-1 Insulin-like growth factor 1, GH growth hormone, hGH human growth hormone,
MRI magnetic resonance imaging, NR not reported, SGA small for gestational age, US, United States
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with a reference population (mean SF-8 score
46.51 vs. 53.25; p≤0.01), while physical health
was not affected (mean score 50.50 vs. 50.30; p=
0.85) [45]. In two studies, caregiver emotional
wellbeing was reportedly negatively impacted
by achondroplasia [53, 54]. The impact of
interventions on parent HRQoL was only
reported in the vosoritide pivotal phase 3 trial
111-301, with a decrease of 2.50 on the QoLISSY

parents subscale. However the confidence
intervals were wide ranging [36].

Healthcare Costs and Resource Use
Three studies published as congress abstracts
reported costs or HCRU data in achondroplasia
[54–56] (Table 3). One study was US-based and
reported hospital-related costs and length of
stay [55]; the other two studies were interna-
tional and reported HCRU.

Fig. 3 HRQoL scales used in the included studies.
HRQoL scales used to measure HRQoL in achondropla-
sia. Nineteen different instruments were used to elicit
HRQoL data. The most commonly used scale was the
QoLISSY questionnaire (n=5 studies), followed by
PedsQL and the SF-36 (n=4 studies), WeeFIM (n=3
studies), BPI and KIDSCREEN (n=2 studies). Other
scales were used in one study each, including two studies
that assessed utilities (via EQ-5D and 15D scales). The
figure does not tally with the number of included studies
(N=18) because of some studies using multiple QoL scales.
15D 15-dimensional measure of health-related quality of

life, AAOS American Academy of Orthopaedic Surgeons,
APLES Achondroplasia Personal Life Experience Scale,
APPT Adolescent Pediatric Pain Tool, BPI Brief Pain
Inventory, EQ-5D-5L EuroQol 5-Dimension 5-Level,
NHP Nottingham Health Profile, PedsQL Pediatric
Quality of Life Inventory, QLI Quality of Life Index,
QoLISSY Quality of Life in Short Stature Youth, SDQ
Strengths and Difficulties Questionnaire, SF-36 Short
Form 36, WeeFIM Functional Independence Measure for
Children, WHOQOL-BREF World Health Organization
Quality of Life: Brief Version
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The US-based study used 2017 data from the
National Inpatient Sample and estimated total
hospitalisation-associated costs for all patients
with achondroplasia at approximately $40 mil-
lion [55]. Notably, costs were equally con-
tributed by adults and children ($19.7 million
for adults, $19.9 million for children). Total
mean per-patient inpatients costs were $19,959
(95% confidence interval [CI] $16,801–
$23,118), an increase of $7789 for people with
achondroplasia compared to the general popu-
lation [55]. Average hospital length of stay was
6.8 days (5.7–8.0), an increase of 2.2 days com-
pared to the general population. These data
were published via a conference abstract and
further details, such as main drivers of total
costs, were not reported.

The multinational LIAISE study reported
HCRU data based on a retrospective review of
medical records from 186 patients aged 5–
84 years over a minimum of five years [56, 57].
Data were stratified by age group and included
inpatient admissions per patient per year (mean
2.5 [range 1.5–3.1]), medications reported per
patient per year (mean 7.2 [range 4.4–14.7]) and
number of different specialist visits per year
(mean 3.7 [range 1.7–6.0]) [57]. Some HCRU
categories appeared to be associated with age.
For example, mean duration of stay per inpa-
tient visit ranged from 3.7–6.7 days in the 0–5
to 21–30 age groups and from 11.7–21.0 in the
31–40 to 51–60 age groups. Meanwhile, the
frequency of annual specialist visits was higher
for age groups 0–5 and 11–15 (25.7 and 29.1,
respectively, vs. a range of 3.0–11.3 for other age
groups). However, no statistical testing for sig-
nificance was conducted. An update from this
study reported on surgical procedures and
healthcare practitioner visits, as well as inpa-
tient and outpatient stays, in the same period.
Of 186 patients, 72.0% had undergone≥1 sur-
gical procedures [56].

A multinational cross-sectional survey of 660
parents/caregivers (Baratela 2021) found that,
excluding Japan where GH is standard care
treatment, two thirds of children with achon-
droplasia had a primary care visit every six
months, which would often involve travel of
[ 60 miles to attend. Similar to findings from
LIAISE, the frequency of visits was reported to

decrease with increasing age ([1 visit per year
for[90% of 0–2 year olds vs. 41–71% of 12–
18 year olds) [54].

Treatment of Achondroplasia

Efficacy and Safety of Achondroplasia
Treatments
Forty unique studies (three RCTs, two extension
studies, 17 non-randomised trials and 18
observational studies) reported on efficacy and/
or safety of potential therapy options for
achondroplasia. The majority of studies repor-
ted on either GH (n=14) or limb lengthening
(n=21), while two trials, each with an extension
study, investigated vosoritide, and one
exploratory phase 1a trial investigated mecli-
zine (Table 4). Most studies were conducted in
the Asia-Pacific region (n=18), followed by
Europe (n=13) (Fig. 2). Sample size was gener-
ally small, with 95% of the included studies
including \100 patients and approximately
25% with a patient population \10. The most
frequently reported clinical outcomes across all
studies were change in standing height (n=20)
and growth velocity (n=14).

Change in Height
A favourable effect on change in height was
reported for all identified interventions (Fig. 4).
Four clinical studies investigated vosoritide in
children with achondroplasia aged≥5 years
[36, 58–60]. In Study 111-301, a placebo-con-
trolled RCT, patients receiving 15.0 μg/kg/day
vosoritide for one year achieved a least-squares
(LS) mean change in height Z-score of 0.27
(95% CI 0.18–0.36; p\0.0001 vs. placebo) [36].
The mean change in standing height for the
treated vs. untreated patients was 5.59±1.06 vs.
3.93±1.08 cm. The extension phase of the study
(Study 111-302) demonstrated that benefits
were sustained after two years of vosoritide
treatment [60], with differences in LS mean
change from baseline height of 3.34 cm (95% CI
2.76–3.93) and+0.44 (95% CI 0.25–0.63) in
height Z-score for vosoritide-treated vs. un-
treated patients. In Study 111-202, an open-la-
bel phase 2 study, and its extension, Study
111-205, children achieved an increase in mean
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standing height Z-score by 30, 42 or 60 months
of treatment compared to baseline, with mean
increase in height Z-score of 0.78 (±0.70) after
60 months of treatment [58, 59].

Eight studies measured standing height in
response to GH therapy over a time period of up
to 10.7 years, with a significant favourable
impact on standing height Z-score reported by
five studies [36, 61–64]. This ranged in an
increase from baseline in standing height Z-
score of +0.2 after one year of treatment [62] to
+1.6 after five years of treatment [65]. The other
three studies also reported positive changes in
height Z-score following GH but did not report
whether they were statistically significant
[65–67]. One study reported overall change in
height following GH. Mean change in standing
height was +2.8 cm after 9.3 (±2.5) years in
females (p\0.06 vs. baseline) and+3.5 cm after
10.7 (±4) years in males (p\0.05 vs. baseline)
[68].

Reported increase in standing height fol-
lowing limb-lengthening surgery varied con-
siderably across 9 studies, from a mean of 5.7
[69, 70] to 20.5 cm [70], likely because of the use
of different surgical procedures and population
characteristics, such as age, in different studies.
The studies included sample sizes of 3–29
patients at starting ages of 5–16.7 years (mean
age at start of treatment was not reported in two
studies) [69–77]. The mean age at the start of
treatment in the study reporting the greatest
mean increase in standing height (20.5 cm) was
7.8 years [70]. Patients in five of these studies
had undergone tibial and femoral limb-length-
ening surgery [69–71, 73, 76], and in three
studies patients had undergone tibial length-
ening alone [74, 75] [77]. One study did not
clearly report procedures [72]. One study
reported mean change in standing height at
three separate time points after consecutive
surgical procedures, demonstrating a

Fig. 4 Mean change in height reported across studies.
Legend: Mean change in A standing height, B height Z-
score from baseline following intervention. A favourable
effect on change in height was reported for all ifentified
inteventions. However, outcomes were reported over
different time periods for the therapies. For vosoritide,
outcomes were measured at 2–5 years; for GH, outcomes
were measured at 5–10.7 years; for limb lengthening,

outcomes were measured from 6 months to 5 years.
Included studies: Study 111-202 [58] and extension Study
111-205 [59]; Study 111-301 [36] and extension Study
111-302 [60]; Hertel [65]; Harada [68]; Price [73]; Peretti
[69]; Kocaoğlu [76]; Kadono [77]; Donaldson [70];
Devmurari [75]; De Bastini [71]; Bridgman [80];
Aldegheri [74]. GH growth hormone, LL limb lengthen-
ing, rhGH recombinant human growth hormone
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cumulative effect with total increases of 5.7 cm
after first tibial lengthening (n=14), 6.5 cm after
subsequent femoral lengthening (n=8) and
8.7 cm after second tibial lengthening (n=6)
[69]. Ten limb-lengthening studies reported
outcomes that were related to growth but not
change in height, including change in tibial and
femoral length separately, extent of elongation
and change in arm span (data not shown)
[38, 78–87].

Annualised Growth Velocity (AGV)
Out of 12 GH studies that reported AGV, four
reported statistically significant increases fol-
lowing GH compared to baseline [61–63, 88].
The greatest significant increase after one year
of GH treatment was reported by Kanazawa
2003 (from 3.9 cm/year at baseline to 7.2 cm/
year) [62, 89]. The smallest increase was from
3.9 cm/year at baseline to 4.6 cm/year after two
years of GH in Tanaka 1998 [88]. A further six
studies compared AGV following GH to AGV
at baseline, but without testing for statistical
significance [64–66, 89–91] (Fig. 5). In three GH
studies that measured AGV at different time
points, a trend towards tachyphylaxis was
observed [64, 65, 88]. An RCT assessed two
doses (low-dose and high-dose) of GH after 1
and 5 years of treatment. For both dose groups,
mean change in growth velocity from baseline
was lower after 5 years than after one year (low-
dose group: 1.9±1.2 cm/year at 1 year, − 0.08±
0.7 at 5 years; high-dose group: 3.6±2.0 at
1 year, 0.8±1.7 at 5 years) [65]. Similar findings
were reported in two single-arm trials, with
lower mean growth velocity after three years of
treatment compared to one year [64, 88]. Again,
statistical significance between the different
time points was not assessed.

In vosoritide studies, a positive increase in
AGV was observed. In the phase 2 studies, daily
vosoritide treatment at a dose of 15 µg/kg
resulted in sustained increases in AGV for up to
60 months (Fig. 5) [58, 59]. The benefit of
vosoritide was further demonstrated by the
results of the phase 3 randomized placebo-
controlled trial (111-301), which showed a sta-
tistically significant improvement in AGV of
1.57 cm/year after 52 weeks compared to pla-
cebo [36]; furthermore, this AGV improvement

was sustained after two years in the extension
Study 111-302 (data not shown) [60].

Only two studies reported growth velocity in
relation to limb lengthening. The first was a
single arm trial that reported distraction rates
ranging from 0.5–1.5 mm/day during tibial limb
lengthening [77]. The second was a retrospec-
tive case-control study that presented change in
growth velocity for patients following bilateral
tibial lengthening. A statistically significant
difference in growth velocity was not detected
after one year (p=0.53) but a decrease in mean
growth rate of 59.5% was detected after two
years (p=0.03) for patients undergoing surgery
(n=23) compared with those under observation
only (n=12) [83].

Bone Morphology
In vosoritide studies, bone age was reported to
have progressed normally [36, 58], indicating
that vosoritide does not lead to premature bone
ageing among children with achondroplasia.
Findings were inconsistent in GH studies. After
2 years of GH therapy in one study, bone-to-
chronological-age ratio was reported to decrease
moderately, from 0.93±0.13 to 0.90±0.10, a
positive result although statistical significance
was not reported [66]. Another study found that
GH therapy decreased mean bone mineral
density (BMD) Z-score, though the effect
appeared to lessen over time (baseline: 1.1; year
1: −0.6±1.1; year 2: −0.21±1.6; year 3: 0.04±
1.02) [64].

Adverse Events (AEs)
Nine out of 14 GH studies reported AEs. Six
studies reported that no AEs occurred. However,
it was not clear whether only serious AEs were
considered and therefore mild events were not
reported. In the remaining three studies, sleep
apnoea, kidney failure and advancement of
bone age (n=2) were the only AEs observed
[65, 66, 91]. In a phase 1a safety study on
meclizine, no serious AEs were reported. Four
out of six children experienced a low-grade AE
in the group receiving one 25 mg tablet per day
in the fasted state, while one out of six children
experienced a low-grade AE in the group
receiving two 25 mg tablets per day in the fed
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state [92]. As this study was only conducted
over a 7-day period, longer follow-up would be
needed to evaluate the reliability of this finding.
Over studies 111-301 and 111-302 and their
extensions, 98–100% of patients receiving
vosoritide experienced an AE, most commonly
injection site reaction and injection site ery-
thema, at 73–86% and 68–86%, respectively
[36, 58–60]. Most AEs were mild, with a low
proportion of serious AEs in both studies (5% in
the treatment arm of the RCT; 7% in the pla-
cebo arm; 11% in the dosing/extension study).
AEs were reported in 15 of 21 limb-lengthening
studies, of which all were related to the surgical
procedure. Most commonly reported were frac-
tures and pin site/tract infections, and AEs
related to soft tissue/nerve damage were also
common [38, 70–74, 76–79, 84–87, 93, 94].

Cost-Effectiveness Evidence of Treatments
for Achondroplasia
No economic evaluations were identified for
treatments for achondroplasia, highlighting the
unmet need for studies exploring the cost-ef-
fectiveness of therapy options. In economic
evaluations investigating therapies for other
short stature conditions, drivers of cost-effec-
tiveness results included dose of GH [95, 96]
and utility values associated with height Z-
scores and post-treatment quality-adjusted life
years (QALYs) [97].

Quality of Treatment-Related Evidence Base
Across the clinical evidence base, only three of
40 studies were randomised, and of these, only
one was placebo controlled [36, 61, 65]. The
randomised studies were generally of high

Fig. 5 Mean change in AGV reported across studies.
Mean change in AGV from baseline following interven-
tion for GH and vosoritide studies, reported at different
follow-up time points. Two GH studies reported a
significant increase in AGV. A further two GH studies,
Seino 2000 [61] and Ramaswami 1999 [63], did not
explicitly report change in AGV from baseline, only that it
was significantly higher following one year of GH therapy
and therefore are not included in the figure. In three GH
studies that measured AGV at different time points, a
trend towards tachyphylaxis was observed. In vosoritide

studies, a positive increase in AGV was observed, though
statistical significance was not reported. Included studies:
Hertel [65]; Kanazawa [62]; NCGS Database [67]; Nishi
[126]; Shohat [90]; Stamoyannou [66]; Tanaka [64];
Tanaka [88]; Weber [91]; Yamate [89]; Study 111-301
[36]; Study 111-202 [58] and extension Study 111-205
[59]. *Statistically significant change from baseline; achange
in AGV derived from calculation based on information
reported in the study. AGV annualised growth velocity,
GH growth hormone, rhGH recombinant human growth
hormone
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quality, with all three using intention-to-treat
analysis, reporting similar baseline characteris-
tics between arms and none reporting any
unexpected drop-outs (Fig. 6). However,
method of randomisation was not described in
two RCTs [61, 65], and none provided details
allocation concealment. Of the 17 interven-
tional non-RCTs, the majority clearly described
the measured outcomes, stated the objectives
and provided estimates of the random variabil-
ity in outcome data. However, in all 17 studies,
the representativeness of patients to the entire
population of children with achondroplasia
from which they were recruited was unclear, as
the studies did not report the proportion of the
source population from which patients were
derived. Of the 18 observational studies, 11
stated the objectives clearly, 13 described the
main outcomes to be measured, and 14 clearly
described the intervention of interest. However,
the characteristics of patients was not described
clearly by any study, highlighting a particular
weakness in this area.

Treatment Guidelines for Achondroplasia
and Short Stature Conditions
Thirteen guidelines on the management of
achondroplasia and/or other short stature con-
ditions were identified from targeted searches
(Table 5). Nine of the 13 included guidelines
were from the perspective of a single country, of
which two had European perspectives (Wales
[98], France [99]). Four had a US perspective
[100–103]; one Japanese [104], one South Afri-
can [105], and one Australian [106]. Four
guidelines had an international perspective
[107–110]. Common themes reported across
multiple guidelines included monitoring and
clinical evaluation, surgery and GH treatment.
Monitoring was often recommended for specific
complications, such as respiratory function
monitoring in patients with thoracic spinal
deformity. In achondroplasia, the Skeletal Dys-
plasia Management Consortium recommended
a comprehensive history and physical exami-
nation be performed every two months to
screen for foramen magnum stenosis (FMS)
[102]. Furthermore, the Guidelines Develop-
ment Committee for Achondroplasia from the
Japanese Society for Pediatric Endocrinology
strongly recommended foramen magnum
decompression for managing spinal cord com-
pression due to FMS [104]. GH recommenda-
tions for conditions such as growth hormone
deficiency (GHD) included monitoring serum
levels, measuring growth velocity and consid-
ering dose increases and reductions in various
subgroups [101, 107, 108].

There was little consensus between the older
guidelines, largely as they did not examine the
same short stature conditions, use the same data
collection methods or focus on the same aspects
of treatment and management. However, a set
of international management guidelines on
achondroplasia by Savarirayan and colleagues
were published in November 2021 [109]. These
guidelines were developed by a group of 55
international experts using a modified Delphi
process and provide consensus statements on
many aspects of achondroplasia management
and treatment across patients’ lifespan.

Key consensus statements from these guide-
lines are summarised in Fig. 7.

Fig. 6 Summary of quality assessments. Summary of
quality assessment scoring for different study designs
reporting clinical evidence. RCTs were assessed using the
York CRD tool [32]; non-randomised interventional
studies and observational studies were assessed using the
Downs and Black checklist [33]. Separate quality assess-
ments were not performed for the extension studies of
Study 111-301 and 111–202. All three RCTs used ITT
analysis and reported similar baseline characteristics
between arms; however, none provided details on alloca-
tion concealment. Of the 17 interventional non-RCTs, the
majority clearly described the measured outcomes, stated
the objectives and provided estimates of the random
variability in outcome data. However, the representative-
ness of patients to the entire population of children with
achondroplasia from which they were recruited was
unclear. Of the 18 observational studies, 11 stated the
objectives clearly, 13 described the main outcomes to be
measured, and 14 clearly described the intervention of
interest. However, the characteristics of patients were not
described clearly by any study. AE adverse event, CRD
Centre fpr Reviews and Dissemination, ITT intention to
treat, NA not applicable, RCT randomised controlled trial

b
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These statements align with the results from
the clinical SLR, where it was found that there is
limited evidence for the long-term efficacy of
GH and its effect on body proportion ratios,
which may be a more meaningful outcome for
some patients. Given the recent approval of
vosoritide, the therapy is expected to feature in
more detail in future guidelines [26, 27].

DISCUSSION

Overview

Overall, 59 studies were identified in this SLR
reporting on a range of outcomes relating to the
burden and treatment of achondroplasia.

In some areas, there was a clear direction in
findings. For example, the HRQoL results sup-
port that achondroplasia is associated with
substantial burden on affected individuals and
their families throughout their lifetime. HRQoL
was consistently reported to be lower in indi-
viduals with achondroplasia compared to a
population without achondroplasia, in line
with previous findings [111]. Domains that were
most often associated with worse HRQoL were
physical or mobility related and an association
between short stature and decreased HRQoL was
identified. However, in studies that measured
HRQoL following pharmacological or surgical
interventions (a main aim of which is to
increase height), no significant improvements
in HRQoL were reported. Meanwhile, in two

studies that investigated self-help interventions
with a psychosocial support element, HRQoL
was reported to improve following treatment
[45, 46]. While only reported by a small number
of studies with small sample sizes, this finding
highlights that interventions specifically tai-
lored to patient’s needs may be more successful
in improving HRQoL than those that focus on a
single element only. It also supports the need
for multidisciplinary treatment options includ-
ing a component for psychosocial support,
given the rare and complex nature of achon-
droplasia. This is further supported by a quali-
tative study that was published after the date of
this SLR’s searches [112], which found that
impacts of achondroplasia are multifaceted.
Difficulties in performing activities of daily liv-
ing, bullying or unwanted attention, and neg-
ative effects on self-esteem were noted as key
challenges for individuals with achondroplasia
[112].

Notably, only two of the tools used to elicit
HRQoL were condition specific (QoLISSY and
APLES). No studies aimed to directly compare
the suitability of different tools; therefore,
conclusions on the most appropriate scale for
measuring HRQoL in achondroplasia cannot be
drawn. However, QoLISSY was found to be a
reliable and well-validated tool and has the
added benefit of items covering QoL of
parents/caregivers.

Disparities were consistently reported
between HRQoL as assessed by patients with

Fig. 7 Key consensus statement from International Management Guidelines on Achondroplasia. GH growth hormone
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achondroplasia vs. their parents or caregivers,
with HRQoL judged to be significantly lower by
parents/caregivers (usually across all domains).
Interestingly, this is in contrast to findings from
other short stature conditions reported by a
2021 SLR, whereby the majority of studies (four
out of six) demonstrated good agreement
between child- and parent-reported QoL. This
could suggest that this issue is more prevalent in
achondroplasia than in other short stature
conditions [113]. A 2016 study conducted as
part of the retest phase of the QoLISSY project
assessed levels of agreement between child and
parent reports of both generic and condition-
specific HRQoL and found higher discrepancies
for generic tools compared with condition-
specific tools [114]. It also found that the extent
of discrepancies was more influenced by family
and social relationships, such as parent-child
relationships, compared with clinical or
sociodemographic factors. For example, a
poorer parent-child relationship (as perceived
by the parent) was a predictor of larger dis-
crepancy in scoring of generic HRQoL. Fur-
thermore, higher parental burden was
significantly associated with parent underrating
of condition-specific HRQoL. In this SLR, the
burden of achondroplasia on parents was
demonstrated in that QoL of parents/caregivers,
particularly in domains related to emotional
wellbeing, was reported to be adversely affected
[41–45, 53, 54]. In a 2022 study, caregivers were
concerned about obtaining appropriate medical
care, alongside financial, relational and emo-
tional challenges [112].

In addition to burden on HRQoL, achon-
droplasia has a significant economic burden on
healthcare systems, with one US study finding
all achondroplasia hospitalisations cost
approximately $40 million in 2017 and that
individuals with achondroplasia spent 2.2 days
longer in hospital than patients without the
condition [55]. The same study reported that
costs were contributed to equally by children
and adults, highlighting the impact of the
condition beyond childhood and over the
course of the lifetime. Furthermore, wider
socioeconomic factors, such as employment,
income and education level, are also likely
impacted in individuals with achondroplasia.

For example, studies have demonstrated that
achondroplasia negatively impacts children’s
participation in school [115, 116], with further
studies finding that adults have lower annual
income and less education compared with their
unaffected first-degree relatives [50]. These fac-
tors, along with other indirect costs, should also
be considered when estimating the true eco-
nomic burden of the condition.

Findings in the clinical evidence base were
less consistent. Nineteen studies on pharmaco-
logical interventions and 21 on limb-lengthen-
ing surgery, of varying methodological quality,
were identified in the SLR. Key outcomes were
change in height and AGV. On the whole,
vosoritide and GH therapy conferred benefits
for height or growth velocity, but the longer-
term effects of GH were unclear because of evi-
dence of trends of a waning effect over time
[109]. The efficacy of vosoritide was found to be
maintained for up to five years, suggestive of
cumulative benefits of this newly approved
therapy [58, 117]; however, this finding was
only reported in two trials and two extension
studies. Up to now, use of vosoritide has not
been part of standard clinical practice, but this
may be expected to change in the near future
because of its recent approval and promising
clinical data. While investigated in a large
number of studies, the clinical evidence for limb
lengthening was mixed; for example, AEs rela-
ted to the surgical procedure were commonly
reported. Indeed, limb lengthening remains a
controversial procedure in practice, with varied
uptake in different countries [23]. Meclizine was
only investigated in a phase 1a exploratory trial,
with no efficacy outcomes reported, and there
are currently no plans for a phase 2 trial [118].
Therefore, comparisons between this and other
interventions cannot be drawn for efficacy
outcomes [92]. Alongside the pharmacological
agents identified by the SLR, there are several
ongoing pre-clinical studies of other drug ther-
apies, including infigratinib, TA-46 (Recifercept)
and Transcon-CNP. Clinical trials investigating
these agents will likely be published in the
future, adding to the evidence base on safety
and efficacy [29].

Most guideline recommendations identified
in this review were management based and
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suggested monitoring and clinical evaluations,
such as measuring growth and development
and examining patient history, often to identify
various complications common in patients with
short stature [102, 104]. The recently published
International Consensus Statement on the
management of achondroplasia provides con-
sensus statements on limb lengthening and GH
amongst other aspects of achondroplasia man-
agement and represents the first global effort to
standardise care for individuals with achon-
droplasia [109]. These guidelines highlight that
there is still an unmet need for treatment
options in achondroplasia, as limb lengthening
and GH treatments have potential problems.
Recently published management recommenda-
tions from Latin America highlight that
achondroplasia-associated comorbidities are
not limited to orthopaedic-related concerns;
thus, there is a requirement for multidisci-
plinary teams for effective treatment of achon-
droplasia [119].

Gaps in the Evidence

This SLR identified several gaps in the current
literature. There is a substantial lack of utility
data for achondroplasia, identified in only two
studies, both in adults [42, 44]. With treatments
most commonly indicated for children, this
emphasises the difficulty in accurately estimat-
ing inputs for economic modelling relating to
the condition and the need for further research
in this area. Furthermore, while total height
may be increased by all identified interventions,
based on current evidence it is unclear whether
they confer benefits to individuals’ QoL or
functioning. HCRU/cost data are also very lim-
ited, with only one study reporting cost data
[55] and three studies reporting resource use
specifically for achondroplasia [54–56]. In
addition, the identified study considered costs
from a healthcare payer perspective and did not
provide a breakdown of individual cost com-
ponents. As such, drivers of total costs and out-
of-pocket costs to patients and caregivers are
currently unknown, which limits the extent to
which the full societal impact of achondroplasia
cannot be estimated.

Furthermore, information on which factors
have the highest impact on HRQoL and costs/
HCRU is substantially lacking. Indeed, there is
currently no evidence on the cost-effectiveness
of interventions for achondroplasia. At present,
published economic evaluations only investi-
gate GH therapy in forms of short stature other
than achondroplasia.

Strengths

There are a number of strengths to the
methodology and results of this work. The SLR
used systematic methods in line with the
Cochrane Handbook for Systematic Reviews of
Interventions to conduct an exhaustive search
of the literature, identifying evidence relevant
to the review objectives [120]. Furthermore,
articles published at any date in any language
were eligible for inclusion and were not
restricted by study design in the economic
searches. The majority of evidence identified by
the economic searches was published in the last
five years, providing a contemporary perspec-
tive on economic evidence in achondroplasia.
The randomised trials included were generally
of high quality, and the interventional non-
RCTs and observational studies included in the
clinical searches were of moderate quality, with
a lack in description of the patient population
limiting this.

Limitations

However, there are also some limitations. First,
a substantial proportion of the included clinical
evidence (primarily for limb lengthening) was
published more than 20 years ago and therefore
may not accurately reflect current clinical
practice. In addition, a number of studies
reported outcomes in mixed populations of
children and adults, where data relating to
adults with the condition may not be directly
applicable to children. Furthermore, due to the
nature of the rare condition, some sample sizes
in included HRQoL studies were small (\100
participants), which may limit the reliability of
findings. These studies were also often only
conducted in one country and used
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heterogeneous measures to assess HRQoL. Lar-
ger, multinational studies could help elucidate
more concrete conclusions on the impact of
achondroplasia on HRQoL. Additionally, fur-
ther research is needed to better quantify the
impact of achondroplasia on caregivers to build
on current research that indicates that it
impacts caregivers’ emotional wellbeing.
Finally, the authors are aware of one study
reporting on staged upper and lower limb
lengthening (Leiva-Gea et al., 2020) that was
not captured in the systematic database sear-
ches because of a lack of study design text word
or indexing terms in the published record [121].
However, the findings of this study are in line
with those included in this SLR and do not
change the review’s conclusions.

CONCLUSION

This SLR provides a comprehensive and con-
temporary overview of the published evidence
related to the burden and treatment of achon-
droplasia, along with current recommendations
for management.

Overall, the results highlight that achon-
droplasia confers substantial burden in terms of
patient HRQoL, burden on caregivers and eco-
nomic burden on healthcare systems and indi-
viduals. The published data likely even
underestimate the true burden of the condition
given the need to consider lifetime impacts on
patients and their families and lack of reporting
on specific cost categories or productivity losses
based on education and employment. Treat-
ment options for achondroplasia are currently
limited. Of the four interventions identified in
this SLR, vosoritide and meclizine have a
mechanism of action that targets the underly-
ing cause of achondroplasia; however, research
is still in early stages for meclizine with only
one small study identified by this SLR. Vosori-
tide, GH and limb lengthening all have some
benefit for height and growth velocity; how-
ever, the long-term effects of GH are unclear
and limb lengthening is associated with a risk of
complications. Current best practice for disease
management is lifelong multidisciplinary care

with a high risk of invasive procedures over the
lifetime.

Based on currently available data, perhaps
the biggest challenge currently facing the field
is that it is not possible to evaluate the benefit of
treatment options in relation to HRQoL or
economic burden because of very limited
reporting of factors that have the highest
influence on both outcomes. There is a clear
unmet need for studies such as economic eval-
uations that consider all relevant inputs for
assessing the burden of achondroplasia. With
the development of pharmacological treatment
options that target the underlying cause of
achondroplasia, there is a need to build on the
emerging evidence to further inform best prac-
tice for the management of achondroplasia
such that the clinical, humanistic and eco-
nomic burden on patients and their families can
be alleviated.
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